Objective: Operative mortality is the most important index for assessing operative results, which has rarely been examined in reconstructive surgery. The aims of this study were to establish a representative index of operative mortality after head and neck reconstruction and to consider measures to improve operative results. Methods: We reviewed cases of head and neck reconstruction by means of free tissue transfer performed from July 1992 through December 2005 at the National Cancer Center Hospital East, Chiba, Japan. The subjects were 1249 patients with a mean age of 62 years. Operative mortality was evaluated on the basis of the 30-day post-operative mortality rate and the inhospital mortality rate. Statistical analysis was performed with the Cochran-Armitage test. Results: The 30-day post-operative mortality rate was 0.88% (11 of 1249 patients), and the in-hospital mortality rate was 1.84% (23 of 1249 patients). The 30-day post-operative mortality was significantly correlated with age (P ¼ 0.002), but the in-hospital mortality was not (P ¼ 0.148). Among patients older than 80 years, the 30-day post-operative mortality rate was 8.57%. The most common cause of 30-day post-operative death was cerebral infarction. Of the 23 in-hospital deaths, 13 were due to cancer recurrence. Conclusions: These results indicate that head and neck reconstruction with free flaps is reliable. However, the high 30-day post-operative mortality rate among patients 80 years or older should be considered when deciding whether to operate. To decrease the operative mortality rate, careful perioperative management is needed to prevent complications and shorten the hospital stay.
INTRODUCTION
Many indexes have been used to assess the effects of surgical treatment. Among these indexes, the most important one for assessing operative results is the operative mortality rate. On the basis of recent reports on surgical mortality from numerous institutions, the suitability of surgical procedures or measures to improve treatment results have been widely discussed (1 -5) . However, few comprehensive studies of outcome measures have been performed in the field of reconstructive surgery.
It would appear that the head and neck reconstructive procedure itself does not directly affect the operative mortality, but the reconstructive procedure with free tissue transfer usually requires about 4 to 6 hours moreover. It is common knowledge that the long operative duration is associated with post-operative complications (6) . Furthermore, in cases that need reconstructive surgery, the primary cancer tends to spread widely and the extent of ablation is large compared with non-reconstructive cases. So, there is a possibility that the head and neck reconstructive procedure affects the operative mortality indirectly.
The aims of this study were to analyze patients who had died after head and neck reconstruction using free tissue transfer and to establish a representative index of operative mortality. In addition, we considered measures to improve operative results after head and neck reconstruction.
PATIENTS AND METHODS
We reviewed the charts of all patients who had undergone head and neck reconstruction from July 1992 through December 2005 at the National Cancer Center Hospital East, Chiba, Japan. The subjects of this study were 1249 patients (963 men and 286 women) with a mean age of 62 years (range, 19 -91 years). After the ablation of head and neck cancers, all patients underwent reconstructive surgery with free tissue transfer. The primary diseases and reconstructive procedures of all 1249 patients are shown in Table 1 . The post-operative courses of all patients were obtained from their charts, and patients who died post-operatively or were discharged from the hospital were identified and analyzed. Operative mortality was evaluated with the following two indexes. The first index was the 30-day post-operative mortality rate, which is the rate of all deaths, regardless of cause, occurring within 30 days after surgery in or out of the hospital. The second index was the in-hospital mortality rate, which is the rate of post-operative deaths in-hospital on and after the 31st post-operative day without discharge. Furthermore, these outcomes were analyzed according to the age group and compared statistically by means of the Cochran -Armitage test. Clinical factors that were suspected to contribute to operative mortality were evaluated.
RESULTS
Of the 1249 patients, 11 (8 men, 3 women) died within 30 days of surgery, for a 30-day post-operative mortality rate of 0.88%. There were 23 in-hospital death cases (22 men and 1 woman), for an in-hospital mortality rate of 1.84%. The subjects of this study were divided into four groups according to age. There were 527 patients aged 59 years or younger, 431 patients aged 60 -69 years, 256 patients aged 70 -79 years and 35 patients 80 years or older. The 30-day post-operative mortality rate and the in-hospital mortality rate of the four age groups each are shown in Table 2 .
Both the 30-day post-operative mortality rate and the in-hospital mortality rate tended to increase with age. However, the 30-day post-operative mortality rate was significantly correlated with age (P ¼ 0.002), but the in-hospital mortality rate was not (P ¼ 0.148) (Fig. 1) . Therefore, the 30-day post-operative mortality rates of the four age groups were analyzed in greater detail. For the three groups of patients younger than 80 years, mortality rates became slightly, but not significantly, higher as the ages of the groups increased; however, the mortality rate of patients 80 years and older was significantly greater than those of the other age groups (P ¼ 0.003).
In the 11 cases of 30-day post-operative death, the primary diseases included hypopharyngeal cancers in 4 cases (37%), lower gingival cancers in 2 cases (18%) and, in (Fig. 2) showed no significant differences. The causes of death were classified into two types: systemic complications and local complications. The causes of 30-day post-operative deaths were systemic complications in nine cases and local complications in two cases.
The systemic complications included three cases of cerebral infarction and one case each of acute pancreatitis, methicillin-resistant Staphylococcus aureus pneumonia, perforation of a gastric ulcer, ischemic colitis and airway obstruction. The cause of death was unknown in one case. Details of the three post-operative deaths due to cerebral infarction are shown in Table 3 . The primary diseases were oropharyngeal cancer, lower gingival cancer and hypopharyngeal cancer, and the reconstructive procedures were transfer of an RAMC flap in two patients and transfer of a free jejunal flap in one patient. The local complications were rupture of the carotid artery caused by anastomotic leakage and wound infection in two cases. Details of these cases are shown in Table 4 .
In the 23 cases of in-hospital death, the primary diseases included hypopharyngeal cancers in 5 cases (22%), tongue cancers in 5 cases (22%), oropharyngeal cancers in 4 cases (17%), buccal mucosal cancers in 4 cases (17%), oral floor cancers in 2 cases (9%) and, in 1 case each, lower gingival cancer (4%), esophageal cancer (4%) and laryngeal cancer (4%). Free flaps used for reconstructive surgery were RAMC flaps in 12 cases (53%), free jejunal flaps in 7 cases (30%), ALT flaps in 2 cases (9%), a groin flap in 1 case (4%) and an omental flap in 1 case (4%). The comparison of primary diseases and reconstructive operation procedures between all 1249 cases and the in-hospital death cases is shown in Figure 2 . There were also no characteristics in these items. The length of post-operative hospitalization in the 23 cases of in-hospital death ranged from 32 to 234 days (mean, 81 days). The causes of death in cases of in-hospital death tended to differ from those in cases of 30-day post-operative 
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Mortality after head and neck reconstruction death. Thirteen of 23 in-hospital deaths were due to cancer recurrence. In the other 10 cases, the causes of death were pneumonia (2 cases), hepatic insufficiency (2 cases), infectious diseases resulting in septic shock (2 cases), acute myocardial infarction (1 case), respiratory obstruction (2 cases) and meningitis caused by cervical abscess (1 case).
DISCUSSION
Operative mortality has been traditionally been defined as any death, regardless of cause, occurring (i) within 30 days after surgery in or out of the hospital or (ii) more than 30 days after the operation during the same hospitalization. However, these traditional definitions have both advantages and disadvantages for evaluating operative results. Therefore, several institutions have attempted to re-define operative mortality so that it could be assessed more accurately depending on the type of operation (7) . In the present study, post-operative death was evaluated using traditional definitions. However, we discriminated between the two definitions, because these mortality rates were expected to differ. Studies of operative mortality have been performed in other fields of surgery, such as cardiac surgery, esophageal surgery, gastric cancer surgery and lung cancer surgery. Previously reported operative mortality rates have ranged from 0.5 to 4.0% (8 -14) . In the present study of patients who had undergone head and neck reconstruction with free tissue transfer, the overall 30-day mortality rate was 0.88%, and the in-hospital mortality rate was 1.84%. We believe that our results are comparable to those for other wellestablished operative procedures, such as gastrectomy, lobectomy, colorectomy and hepatic resection. This result confirms our operative indications and the therapeutic validity of head and neck reconstructive surgery. These results also indicate that head and neck reconstruction using various types of free flaps is reliable.
The age-specific mortality rate tended to increase with age. However, statistical analysis showed that age was not related to the in-hospital mortality rate. Only the 30-day post-operative mortality rate was significantly related to age. In particular, in patients 80 years or older, the 30-day postoperative mortality was significantly higher than those in younger age groups. In patients younger than 59 years and in those aged 60 -69 years, head and neck reconstructive surgery was considered extremely safe because the respective mortality rates of 0.38 or 0.69% were low enough to justify elective surgery. However, the operative mortality rate of 8.57% in patients 80 years or older is similar to that associated with coronary artery bypass grafting (15) . Care must be taken when deciding operative indications for elderly patients. In particular, the greatest care must be taken when performing reconstructive surgery, especially in patients 80 years or older. However, despite the greater perioperative risk, the clinical benefit justifies surgery in octogenarians.
In the 11 cases of 30-day post-operative death, the primary diseases and the reconstructive procedures did not differ significantly from those of all cases. Therefore, neither of these factors was related to operative mortality. The most frequent cause of 30-day post-operative death was cerebral infarction, which occurred in three patients. The details of the clinical courses of these three patients are as follows. Symptoms appeared from 5 to 18 days after surgery, and these patients died from 8 to 29 days after surgery. These patients had specific characteristics as follows: age 80 years or older, history of cerebral infarction, hypertension, atrial fibrillation, cardiac failure and diabetes mellitus. In other words, careful perioperative management is needed in patients with such risk factors. Other systemic complications, such as acute pancreatitis, methicillin-resistant S. aureus pneumonia, perforation of a gastric ulcer, ischemic colitis, airway obstruction, developed in only one case each. In actuality, these complications cannot be predicted pre-operatively. On the other hand, rupture of the carotid artery could be prevented by preventing inflammation from extending to the carotid artery. Two cases of local complication involved rupture of the carotid artery. There were no specific characteristics in these cases, but these patients died in the early post-operative period. Therefore, the extension of inflammation to the surrounding tissue is possible in all cases. To prevent lethal complications, such as carotid artery infection, local complications must be diagnosed as early as possible. When signs of local complication are observed, early treatment, including wound opening, lavage, debridement, use of antibiotics and reoperation, should be performed.
In the 23 cases of in-hospital death, the primary diseases and reconstructive procedures also did not differ significantly from those in all cases. As was the case with the 30-day post-operative mortality rate, neither primary disease nor reconstructive procedure affected the in-hospital mortality rate. Patient age was also not significantly related to the in-hospital mortality rate. The most common cause of in-hospital death, accounting for more than half of cases, was recurrent cancer. These cancers recurred during the prolonged post-operative hospital stay, ranging from 32 to 234 days (mean, 81 days). The longer the patient stayed in the hospital because of post-operative complications, even if they were themselves not lethal, the more likely was the primary disease to recur. Clearly, post-operative complications, such as flap necrosis, wound infection and anastomotic leakage, can lengthen the post-operative hospital stay. Therefore, a conscious effort must be made to reduce post-operative complications and to shorten the post-operative hospital stay.
We have found that both systemic and local complications greatly affect operative mortality rates, including the 30-day post-operative mortality rate and the in-hospital mortality rate. To improve both immediate operative results and longterm operative results, it is important to reduce the rate and severity of post-operative complications. In other words, the improvement of surgical techniques, the evaluation of risk factors and the careful observation of clinical courses will play important roles in head and neck reconstruction.
CONCLUSION
In the present series of head and neck reconstruction using free tissue transfer, the 30-day post-operative mortality rate was 0.88%, and the in-hospital mortality rate was 1.84%. These results indicate that head and neck reconstruction with various types of free flaps is reliable. Patient age was significantly related with the 30-day post-operative mortality rate. In particular, the high 30-day post-operative mortality rate of 8.57% in patients 80 years and older should be considered when deciding whether to operate. Cerebral infarction was the most common cause of 30-day post-operative deaths. Avoiding local complications, such as carotid artery infection, is another important factor in decreasing the operative mortality rate. Regarding in-hospital deaths, more than half were due to tumor recurrence. Measures for decreasing the number of in-hospital deaths include reducing the number and severity of post-operative complications and shortening the hospital stay.
